Introduction
============

Cutaneous squamous cell carcinoma (cSCC) has been seen as the second most common type of skin cancer, defined as an uncontrolled growth of abnormal cells arising from the squamous cells[@B1]. Prolonged exposure to ultraviolet (UV) radiation and Chemical carcinogens increase the risk of squamous cell carcinoma[@B2]. Cutaneous squamous cell carcinoma is not life-threatening, but if untreated, it can grow large or to spread to other organs, causing serious complications, local lymph nodes involvement, and distant metastases. In 2012, an estimated 700,000 cases of CSCC were diagnosed and 3,900 to 8,800 patients died each year in the US[@B3]. So far, squamous cell carcinoma is detected at an early stage and surgical excision is almost always curable to cause minimal damage.

Previous studies reported that nonaspirin nonsteroidal anti-inflammatory drugs (NSAIDs) significantly reduced the risk of cSCC development [@B4]. Aspirin usage reduced the risk of cSCC by 12%, which was of borderline significance [@B5]. However, it is still necessary to seek out an efficacy treatment strategy for cSCC. Lapatinib is a dual tyrosine kinase inhibitor which blocks the HER2/neu and epidermal growth factor receptor (EGFR) pathways [@B6], which is an orally active drug for breast cancer and other solid tumors [@B7]. As we known, growth factors and receptors play essential roles in the regulation of epithelial cell proliferation, and abnormalities in their expression and signaling pathways, contributing to progression and maintenance of the malignant phenotype in human cancers[@B8]. The deregulation of EGFR activation has been shown to be closely associated with the development and progression of cSCC[@B9]. Christopher J. et al. [@B10] reported that the EGFR inhibitor, interrupted EGF-induced cytoskeleton remodeling, cell growth and invasive phenotype of a cutaneous squamous cell. However, cSCC is the most aggressive cancer with very poor prognosis. The optimal treatment of cSCC remains a major challenge. So far, effects of lapatinib to treat cSCC and its underlying mechanism have not been illustrated. Thus, in this study, we explored lapatinib inhibition of skin squamous cell and fibroblasts cells via epithelial to mesenchymal transition (EMT) signaling pathway.

Materials and methods
=====================

Cell lines and cell culture
---------------------------

Human squamous cell carcinoma (cSCC) cells were obtained from the American Type Culture Collection (Manassas, VA, USA). Cell lines were maintained in Dulbecco\'s Modified Eagle\'s Medium supplemented with 10% heat-inactivated fetal bovine serum and 1% penicillin in a 5% CO2 incubator at 37°C. Lapatinib was dissolved in dimethyl sulfoxide at a stock concentration of 50mM and stored at -20°C.

Chemicals and reagents
----------------------

Cell lines were maintained in DMEM medium supplemented with 10% FCS were sourced from Corning Cellgro Inc (Herndon, VA, USA). A Cyto-ID autophagy detection kit was sourced from Enzo Life Sciences Inc (Farmingdale, NY, USA). 4, 6-Diamidino-2-phenylindole (DAPI) was obtained from Invitrogen (Carlsbad, CA, USA). The thiazolyl blue tetrazolium bromide (MTT) was purchased from Sigma-Aldrich Inc (St Louis, MO, USA). An Annexin V: phycoerythrin (PE) apoptosis detection kit was obtained from BD Biosciences Inc (San Jose, CA, USA). Primary antibodies against human were all purchased from Cell Signaling Technology Inc (Beverly, MA, USA). The antibody against human β-actin was purchased from Santa Cruz Biotechnology Inc (Santa Cruz, CA, USA).

Cell viability assay
--------------------

The effect of lapatinib on the viability of cSCC A431 cells was examined using the MTT assay as previous described. Briefly, A431 cells were seeded into a 96-well plate at a density of 8,000 cells/well. After the incubation for 24 hours, A431 cells were treated with lapatinib at concentrations ranging from 0.1 to 10μM for 24 and 48 hours with a volume of 100μL medium. And then they were detected by the general procedure for MTT at a wavelength of 450 nm. The concentration required for 50% inhibition of growth (IC50) was analyzed using GraphPad Prism 6 software (San Diego, CA, USA).

Analysis of cell cycle distribution
-----------------------------------

The effect of lapatinib on the cell cycle distribution of A431 cells was examined using flow cytometry. Briefly, two cell lines were treated with lapatinib at concentrations of 0.1, 1, and 5μM for 48 hours. In separate experiments, they were treated with 5 μM lapatinib for 0, 24, 48 and 72 hours. After dealing with the cell cycle routine process, a total number of 1\~2×10^4^ cells were subject to cell cycle analysis using a flow cytometer (Becton Dickinson Immunocytometry Systems, San Jose, CA, USA). The positive gate was set according to previous studies [@B11], [@B12].

Quantification of cellular apoptosis
------------------------------------

The effect of lapatinib on apoptosis of A431 cells was quantitated using the Annexin V: PE apoptosis detection kit according to the manufacturer\'s instructions. Cells were treated with lapatinib at concentrations of 0.1, 1 and 5 μM for 48 hours and then dealt with the protocol of cellular apoptosis. The apoptosis analyzes by a flow cytometer (Becton Dickinson Immunocytometry Systems, San Jose, CA, USA).

Determination of cellular autophagy
-----------------------------------

To determine the effect of lapatinib on autophagy in A431 cells, the intracellular autophagy level was examined using flow cytometry. The A431 cells were treated with concentration of lapatinib at 0.1, 1 and 5μM for 48 hours. After 48 hours of incubation, the cells were detected with the protocol of cellular autophagy. And then autophagy was determined using the green (FL1) channel of a flow cytometer.

Confocal fluorescence microscopy
--------------------------------

Confocal microscopic analysis was performed to further examine the lapatinib-induced autophagy in A431 cells using a Cyto-ID autophagy detection kit. After testing the process, it was examined using a TCS SP2 laser scanning confocal microscope (Leica, Wetzlar, Germany) by a standard fluorescein isothiocyanate filter set for imaging the autophagy signal at wavelengths of 405/488nm.

Western blot analysis
---------------------

The levels of various cellular proteins related to the cell cycle, apoptosis, EMT and autophagy were determined using Western blotting assays. A431 cell lines were washed with phosphate-buffered saline after 48 hours of treatment with lapatinib at 0.1, 1 and 5μM. The concentration of protein was collected by the routine process, using the Pierce bicinchoninic acid protein assay kit. The available protein with thermal denaturation at 100°C was for 5 minutes. The appropriate steps were followed as previous studies. Visualization was performed using an enhanced chemiluminescence kit (BioRad Inc, Hercules, CA, USA). The date was analyzed using Image Lab 3.0 (BioRad Inc). The protein level was normalized to match densitometry value of the internal control.

Statistical analysis
--------------------

All of the data statistics were analyzed by the GraphPad Prism 6 software (San Diego, CA, USA). The data were presented as the mean ± standard deviation. Comparisons of multiple groups were achieved by one-way analysis of variance following by Tukey\'s multiple comparison procedures. *P\<*0.05 were considered to be statistical differences significantly. All of the assays were performed at least three times independently.

Results
=======

Lapatinib inhibited A431 cell lines\' proliferation in a time-dependent and dose-dependent manner
-------------------------------------------------------------------------------------------------

After culturing with different concentrations of lapatinib (Figure [1](#F1){ref-type="fig"}A) for 24 and 48-hour, the inhibitory effect of lapatinib on the proliferation of A431 cells was further confirmed by an MTT assay. After stimulating with different concentrations of lapatinib for 24 and 48-hour, the dramatical decrease of A431 cells growth was observed compared with the control groups. The peak was reached on stimulation with 50 μmol/l lapatinib for 48 h (Figure [1](#F1){ref-type="fig"}B). These results indicated that lapatinib significantly inhibited the proliferation of A431 cells in a time-dependent and dose-dependent manner. The IC~50~ values were 4.46 μM and 15.46 μM for A431 cell line after 24 and 48-hour incubation with lapatinib, respectively (Figure [1](#F1){ref-type="fig"}B). The results indicated that lapatinib exerts a potent inhibitory effect on cell proliferation in A431 cell line.

Lapatinib promoted A431 cell lines\' apoptosis by suppressing FADD, caspase 8, Bcl-2, and MEK
---------------------------------------------------------------------------------------------

The apoptosis of A431 cells was measured by FCM after pretreating with 5μM lapatinib for 48 hours. Results showed that in parallel with the control groups, there was a significant increase in apoptosis of A431 cells (Figure [2](#F2){ref-type="fig"} A and B). To provide much evidence to this potential phenotype in A431 cell lines, we detected FADD, Bcl-2, caspase 8, ERK and MEK markers with increasing dose of lapatinib in western blot assay, indicating lapatinib has ability to decrease P-FADD, caspase 8, Bcl-2, P-ERK and P-MEK expression but without induction of FADD level (Figure [2](#F2){ref-type="fig"}C).

Lapatinib regulated the cell cycle distribution of A431 cells
-------------------------------------------------------------

We examined the effect of lapatinib on cell cycle distribution in A431 cells using flow cytometry. When being treated with lapatinib at 0.1, 1 and 5 μM for 48 hours, respectively, lapatinib significantly induced G2/M phase arrest in A431 cell lines (Figure [3](#F3){ref-type="fig"} A-C). In separate experiments, we examined the effect of lapatinib on cell cycle distribution during 72 hours. In comparison to control cells, the percentage of A431 cells in G2/M phase increased from 4 to 72-hour with treatment of 5 μM lapatinib (Figure [4](#F4){ref-type="fig"} A-C). The data indicated that lapatinib treatment remarkably induces A431 cell line arrest in G2/M phase, decreasing proliferation of cSCC cells in vitro.

Lapatinib induced autophagy in A431 cell line by suppressing PI3K/AKT/mTOR signaling pathway in vitro
-----------------------------------------------------------------------------------------------------

In order to illustrate the role of lapatinib in autophagy of cutaneous squamous cell carcinoma cells, we used Cyto-IDr fluorescent probe autophagy detection assay to exam autophagy cell markers in A431 cell line. The results showed that after treatment of A431 cells by different concentration of lapatinib (0.1μM, 1μM and 5μM), green autophagy dye was shown to gather around cells (Figure [5](#F5){ref-type="fig"}A and B), and indicating lapatinib was able to induce autophagy in cutaneous squamous cell carcinoma. Moreover, the number of autophagic cells increased according to dose-dependent lapatinib treatment using flow cytometry assay (Figure [6](#F6){ref-type="fig"} A and B).

When analyzed by western blot, our data showed lapatinib treatment (0.1, 1 and 5 μM) caused significant alterations in the expression and phosphorylation levels of key functional proteins which regulating autophagy signaling pathway. There was decreasing phosphorylation levels of p-Akt, and p-mTOR and increasing level of p-PTEN in A431 cell line as Figure [6](#F6){ref-type="fig"}C shown.

Lapatinib inhibited EMT phenotype in A431 cell line via WNT/β-catenin/ E-cadherin pathway
-----------------------------------------------------------------------------------------

Epithelial to mesenchymal transition (EMT) is a critical process involved in cancer invasion and metastasis, with the decreased expression of cell adhesion molecules among cells[@B11], [@B13]. The previous data demonstrated that EMT-related proteins expression was associated with enhanced malignancy in a variety of tumors [@B11], [@B13]-[@B15]. When we analyzed the expression of E-cadherin and Vimentin in A431 cell treated with lapatinib (0.1, 1 and 5μM) for 48 hours by immunofluorescence**,**the results also showed that lapatinib can induce the E-cadherin but inhibit Wnt, β-catenin, Slug, N-cadherin and Vimentin expression by western blot (Figure [7](#F7){ref-type="fig"}A and B). Taken together, we conclude that lapatinib suppresses the EMT probably through WNT/β-catenin/E-cadherin pathway in cutaneous squamous cell carcinoma cells.

Discussion
==========

Cutaneous squamous cell carcinoma (cSCC) has been considered as one of most common type of non-melanoma skin cancer with increasing incidence worldwide [@B16], [@B17]. Although local surgery contributes to its main treatment, there is still an urgent need for new therapeutic strategies for cSCC. Lapatinib is reported to involve in epidermal growth factor receptor (EGFR) pathways. Some previously studies have reported squamous cell carcinoma can express epidermal growth factor receptor (EGFR) protein [@B18]. However, to our knowledge, there are few studies about lapatinib in treatment of cSCC, while some studies focus on combination of lapatinib and trastuzumab in treatment of Her-2 positive breast cancer[@B19]. A phase II study for Lapatinib plus capecitabine was presented as the first-line treatment for patients with advanced or metastatic gastric cancer. In this case, we further investigate the role of lapatinib in treatment of human cSCC in vitro and in vivo to illustrate the mechanism of this small molecular targeted drug.

To investigate how lapatinib treats the cSCC by inhibiting EGFR, we explored the anticancer effect of lapatinib on the human cSCC cell line. In the in vitro experiment, we found that lapatinib prevents the proliferation of A431 cell line effectively in a time-dependent and dose-dependent manner, which is consistent with Liu et al.[@B20] report. We further analyzed the apoptosis of cSCC cells induced by lapatinib. The assays showed that lapatinib enhanced apoptosis in A431 cell line cells through FADD, Bcl-2, and P-MEK/ERK signaling pathway, which suggests a potential anticancer activity of lapatinib.

The biomarkers including AKT, mTOR and PTEN exerts an important role in the regulation of chromosome assembly and its inactivation of these proteins results in G2/M arrest. In the present study, our findings clearly showed that lapatinib treatment remarkably decreased the ratio of p-AKT and p-mTOR over AKT and mTOR in A431 cell lines, suggesting that lapatinib may induce cell cycle arrest in G2/M phase. Our findings also showed that lapatinib exhibits potent inhibitory effects on cSCC cell growth and cell cycle progression. Lapatinib exerts a potent cSCC cell-killing effect via autophagic cell death with the involvement of PI3K/Akt/mTOR.

Furthermore, our data indicated that lapatinib treatment can significantly increase the expression levels of WNT/ β-cadherin pathway, which serves as an inhibitor of cell cycle progression via inhibition of CDC2 activity. Therefore, increased expression of WNT/β-cadherin contributes to cell cycle arrest in A431 cell line. Numerous evidence has shown that aberrant Wnt/β- catenin signaling accounts for tumor initiation and inhibits mitochondrial apoptosis. In addition, the treating A431 cell with lapatinib results in suppression of Wnt/ β-catenin activation, which has been shown to inhibit the proliferation, tumorigenesis, and metastasis of various cancer cells.

Lapatinib represented a substantial suppressing effect on EMT in cSCC cells. There is a negative regulation loop between E-cadherin-mediated calcium-dependent cell-cell adhesion and the snail/slug[@B21]. Inhibition of snail/slug expression enable to suppress the EMT progression in cSCC. Our findings showed that lapatinib treatment significantly increases the expression of E-cadherin but suppressed the expression of snail and slug in A431 cells. It suggested that lapatinib can inhibit EMT, reducing drug resistance and suppressing cSCC progression. Moreover, the activation of ErK1/2 signaling pathway is reported to be correlation with EMT progress in cSCC. We observed that lapatinib inactivates ErK1/2 signaling pathways with a marked inhibition of the phosphorylation of ErK1/2 in A431 cell lines, which lapatinib may contribute to the inhibitory effect of lapatinib on EMT. Therefore, lapatinib may act as a putative EMT-targeting agent that will be clinically helpful to reduce the morbidity and mortality of cSCC.

In conclusion, we have observed the anticancer effect of lapatinib and investigated the potential molecular mechanism of its cancer cell-killing effect in human cSCC A431 cell lines. The mechanisms of action of lapatinib were mainly ascribed to cell cycle arrest, autophagy induction, and EMT inhibition, and their related signaling pathways. lapatinib induced the inhibition of PI3K/Akt/mTOR and ErK1/2 signaling pathways, which contributes to autophagy-inducing and EMT-suppressing effects in A431 cell lines. Collectively, lapatinib may represent a promising anticancer drug that can be used for cSCC treatment. More studies are warranted to reveal other potential targets and potential mechanisms of lapatinib in the treatment of human cSCC.
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![Lapatinib as an inhibitor contributes to gastric cancer cells suppression in vitro. **A.**Chemical structure of lapatinib; **B.**The MTT assay was performed on the viability of A431 cells by lapatinib at different concentrations (0.1-50μM) and IC~50~value was analyzed as indicated on the plot (t-test).](jcav08p0220g001){#F1}

![**A and B.**The apoptosis of A431 cells treated with lapatinib was quantitated using the Annexin V: PE apoptosis detection kit and a flow cytometer. (*t*-est; \*\*, *P*\<0.05)**; C.**The protein markers as shown on figure were detected by western blot assay.](jcav08p0220g002){#F2}

![**A.**The effect of lapatinib (0-5μM) on the cell cycle distribution of A431 cells was examined using flow cytometry. **B.**The percent cells in G2/M phase was analyzed on the graph (*t*-test; \*\*, *P*\<0.05)**; C.**The percent cells population in cell distribution was calculated on the plot.](jcav08p0220g003){#F3}

![**A.**The fixed concentration of lapatinib (5μM) on the cell cycle distribution of A431 cells was examined using flow cytometry. **B.**The percent cells in G2/M phase was analyzed on the graph (t-test; \*\*, P\<0.05)**; C.**The percent cells population in cell distribution was calculated on the plot.](jcav08p0220g004){#F4}

![**A.**The cellular autophagy induced by the concentration of lapatinib (0-5µM) by confocal microscopy with the application of Cyto-ID autophagy detection kit. Immunofluorescence. (Magnification: 1000×). **B.**A number of autophagy A431 cells was analyzed on the graph.](jcav08p0220g005){#F5}

![**A.**The cellular autophagy induced by the concentration of lapatinib (0-5µM) by confocal microscopy with the application of Cyto-ID autophagy detection kit. **B.**The percentage of autophagic A431 cells was stained by the Cyto-ID autophagy detection kit and analyzed using the green (FL1) channel of the flow cytometer.**C.**The protein markers as shown on figure were detected by western blot assay.](jcav08p0220g006){#F6}

![**A.**Cells treated with lapatinib (5µM) increased the expression of E-cadherin and inhibited the expression of Vimentin by immunofluorescence. (Magnification: 1000×). **B.** Lapatinib (5µM) significantly increased E-cadherin and downregulated WNT, N-cadherin, and Vimentin in A431 cells indicated by western blot.](jcav08p0220g007){#F7}
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